Modulation of the NO trans effect in heme proteins: implications for the activation of soluble guanylate cyclase.
The binding of NO to the iron heme in guanylate cyclase and other heme proteins induces the cleavage of the proximal histidine bonded to the metal. In this study we assess by means of density functional theory (DFT) electronic structure calculations the role of H-bonding to histidine in the modulation of this effect. We have considered in the first place a model of the isolated active site coordinated with imidazole and imidazolate to mimic the effects of a very strong H-bond. We have also investigated four selected ferrous heme proteins with different proximal histidine environments: the O(2) sensing FixL, horseradish peroxidase C, and the alpha and beta subunits of human hemoglobin. Our results indicate that polarization and charge transfer effects associated with H-bonding to the proximal histidine play a fundamental role in the modulation of the NO trans effect in heme proteins. We also find computational evidence suggesting that protein structural constraints may affect significantly the cleavage of the Fe-His bond.